Abstract-Vehicle classification has emerged as a significant field of study because of its importance in variety of applications like surveillance, security system, traffic congestion avoidance and accidents prevention etc. So far numerous algorithms have been implemented for classifying vehicle. Each algorithm follows different procedures for detecting vehicles from videos. By evaluating some of the commonly used techniques we highlighted most beneficial methodology for classifying vehicles. In this paper we pointed out the working of several video based vehicle classification algorithms and compare these algorithms on the basis of different performance metrics such as classifiers, classification methodology or principles and vehicle detection ratio etc. After comparing these parameters we concluded that Hybrid Dynamic Bayesian Network (HDBN) Classification algorithm is far better than the other algorithms due to its nature of estimating the simplest features of vehicles from different videos. HDBN detects vehicles by following important stages of feature extraction, selection and classification. It extracts the rear view information of vehicles rather than other information such as distance between the wheels and height of wheel etc.
I. INTRODUCTION
No doubt the rapid rise in social economy has severe impact on different areas of life including transportation system. Increase in vehicles lead to some serious issues such as vehicle congestions, accidents and car robberies etc. In order to cope up with these issues ITS (Intelligent Transportation System) turn its focus on vehicle classification and detection [1] . In recent years vehicle classification has been renowned as a broader field of study in vehicle recognition. Vehicle classification is an efficient technique used for transportation systems such as toll plaza, traffic surveillance, traffic congestion avoidance, terrorist activities inspection etc. Different toll stations defined a standard for classifying vehicles. This standard is based on different types of vehicles. There are basically three main types of vehicles as shown in Table I . Two common techniques are used for the classification of vehicles as mentioned in Fig.1 .
1)
Hardware Based Vehicle Classification 2) Software Based Vehicle Classification The rest of the paper is organized as follows. In Section II, we explained the importance of using video based vehicle classification over the hardware based classification techniques. Most recent and commonly implemented video based classification algorithms are mentioned in Section III. We evaluated and compare these algorithms in Section IV. The comparison table is also maintained to get an easy understanding of all these analyzed algorithms.
II. LITERATURE REVIEW
Avery, Wang and Rutherford [2] proposed digital image processing algorithm for length based vehicle classification. They used streams of images captured from un-calibrated video camera. They actually compare the length of different vehicles in order to estimate the truck volumes and eliminated the needs of different complex calibration systems. They implemented length classification algorithm on trucks and got 92% accuracy under certain conditions. Zhang, Avery and Wang [3] Wang [5] presented an approach for detecting the moving vehicles and removal of cast shadows for video based traffic monitoring and control system. He developed an algorithm to handle non-stationary background for vehicle detection in live video streams. This method significantly improved the overall performance of vehicle detection and shadow removal process.
Similarly Qin [6] used the basic technique for vehicle classification by analyzing images taken from the video. Firstly he set up road background relative to the different serial image. Then by using background division he segmented vehicle region and calculated the moment invariant features. These features were passed as an input to the BP neural networks. The network is divided into three layers such as Light Vehicle, Heavy Vehicle and Intermediate Vehicle. The neural network helped in classifying the vehicle type more efficiently and effectively.
Lai, Huang, and Tseng [7] used a technique of three basic steps. These steps are used by any of the vehicle classification techniques. The steps were vehicle region extraction, vehicle tracking and classification. They adopted the technique of background subtraction in order to extract the foreground. By applying some geometric parameters they removed the false edges and shadows from the image. After vehicle detection, tracking method is used for creating the correspondence between the detected vehicles at different time intervals. Vehicle classification is done by using two metrics such as aspect ratio and level of compactness.
III. CURRENT VIDEO BASED VEHICLE CLASSIFICATION

ALGORITHMS
Automatic classification of vehicles have large number of real world applications in different fields such as toll plaza, traffic surveillance, traffic congestion avoidance, terrorist activity surveillance, avoidance of car robbery etc. Numerous algorithms are available for automatic detection and classification of vehicles. Each algorithm has its own measuring criteria in order to detect different types of vehicles. Current algorithms are classifying vehicles but there accuracy rate is still far from 100 percent. In this research paper we have discussed 6 most recent vehicle classification techniques as highlighted in 
A. Automatic Traffic Surveillance System
This technique helps in classifying vehicles by using size and linearity features of vehicles [8] . It introduced new feature based on linearity. This system also designed an algorithm to remove vehicle occlusions caused by shadow. While size classification technique helps in recognizing different types of vehicles. The linearity feature helps in recognizing the difference between truck and buses though both have same size. Linearity feature extracts the un-slanted edges of the vehicles.
Major steps for this system are outlined in Fig.3 . This technique firstly gets input from video in the form of frames. After that system detects various vehicles by using image differencing and background update technique then calculates vehicle histogram by accumulating the number of vehicles to certain position and detects lane dividing line. This information behaves like an input for shadow elimination algorithm. Basically horizontal and vertical line based shadow elimination algorithm is applied. The Kalman filter is applied to the output obtained from shadow elimination and it is used to track the vehicles. After that extract features of vehicles and classify vehicles based on size and linearity feature. Linearity feature is used to differentiate between truck and van truck/bus [8] . But the drawback of this proposed system is that it is affected by varying lighting conditions. 
C. Eigenface Classification
A technique consists of two parts: training and classification [10] . In training use the background model to get outline of vehicle and based on this outline determine right, left and bottom border of vehicle, height is set to fixed length. Image library of vehicle face is built. Eigenface technique is used to built vehicle feature library, later on this library is used in classification step i.e. features of given vehicles are extracted using eigenvector method and then based on difference between stored features and current features vehicles are 
D. Houghline Feature Classification
This classification technique is related to recognizing people and vehicles [11] . Hough line transformation is used to detect straight lines or curves in any binary image. The steps involved in Hough line algorithm are mentioned in Fig.6 . At first step capture the frames from the video then get the region of interest (ROI) in second step. In third step apply the Gaussian model for subtracting the background from the image. Edges of the object are detected by using canny operator and lines of edges can be retained from Hough line feature classification technique. It has strong anti-interference capability. But in certain cases wrong results are obtained when part of moving object enters into region of interest then it makes unstable line character. 
E. Partial Gabor Filter-Based Classification
More and more researchers divert their attention to vision-based classification in order to overcome the problems of hardware based vehicle classification. Utilize different digital cameras detector for supporting vision based classification. Generally, there are three phases in a vision-based vehicle classification system: 1) vehicle segmentation 2) feature extraction and 3) vehicle classification. Gabor filter have been generally applied in the area of pattern recognition due to its optimal localization capability in both spatial analysis and frequency domain. Due to high memory requirement and computational burden Gabor filter becomes inefficient so partial Gabor filter is used. As there is a difference among vehicles such as shape, size etc. Some vehicles are quite identical and the ratio of noise is greater at the upper side of vehicle. This cause difficulty in vehicle recognition so to avoid it instead of sample the whole image just sample the 68.0% of the top side of the image. Sedan, van, hatchback sedan, bus and van truck are easily classified by using this algorithm [12] . It is observed that extracting Gabor feature from edge image produces better result than grey-image of vehicles as shown in Fig.7 . 
F. Hybrid Dynamic Bayesian Classification (HDBC)
A classification technique which uses direct rear view of the vehicles because rear view is less investigated and not all the countries require a front license plate [13] . 
IV. COMPARATIVE ANALYSIS OF AUTOMATIC VEHICLE BASED CLASSIFICATION ALGORITHMS
In this section we analyze the previously described automatic video based vehicle classification algorithms. Table II indicates the relative comparison of these techniques on the basis of different metrics. By comparing and analyzing these algorithms we concluded that Hybrid Dynamic Bayesian Classification (HDBC) is far better than the other algorithms. As HDBC have greater correction rate by extracting rear view data of vehicle. Fig. 8 shows the three important phases of HDBC algorithm [13] 
a) Feature Extraction
In feature extraction, three main types of features are extracted from the video frame images. Firstly extraction of vehicle edges by applying Gaussian mixture model along with AND mixture model. Erroneous details such as shadows are also removed from the image. The coordinates of license plate are used as an input for HDBC algorithm. In order to detect the license plate more effectively a blob detection mechanism is used along with filtering method. At the end tail lights detection technique is used for the extraction of different types of vehicles. As the distance between tail lights help in recognizing the image more efficiently.
b) Feature Selection
Feature Selection is performed in order to improve the accuracy of vehicle classification. In this case Sequential Floating Forward Selection (SFFS) method is used. In this method the most significant feature has been added in queue while removes the least significant information.
c) Classification
Dynamic Bayesian network (DBN) is used for classification of vehicles. Bayesian network uses nodes and edges; root node indicates the vehicle while other nodes describe the extracted features of the vehicles. In DBN, time dimension is involved in order to extract the information of same vehicle at different time interval and that helps in better classification of vehicles.
Each algorithm followed special methodology or technique on the basis of which recognized the vehicles. The recognition rate or the percentage accuracy of techniques are different depending upon the methodology being adopted by algorithms. Classifiers are basically the categories or types of vehicles that are identified by these algorithms. Each technique contains different vehicle samples in order to obtain the overall accuracy rate of the vehicles. The complete detail is extracted and outlined in TableII The percentage accuracy of video based vehicle classification algorithms are represented in the form of graph in Fig. 9 . In graph, each algorithm contains two series. Automatic surveillance system based algorithms is tested under both with and without shadow elimination circumstances. But its output is affected by varying lightning conditions that's why shadow elimination produced better result. Neural Network and Eigenface algorithms have shown remarkable results under training set but these are not suitable under test set. The results of HoughLine and Partial Gabor Filter algorithm were almost same. By identifying the different features and flaws we concluded that HDBC has lower false rate i.e. approx. 2% [13] . And it is far better than the others due to its nature of estimating the minor details and classifies the variety of vehicles from video.
The overall accuracy percentage of HDBC algorithm is 97.63% and this accuracy was estimated by using 845 sample images (Total real time vehicle videos were 169 and 5 frames of each vehicle. Total images taken for the vehicles = 169*5= 845images). Compared to the hardware based vehicle classifications software (video) based vehicle classification helps in resolving lots of issues in transportation system. This research paper is related to the comparative analysis of six well-known video based vehicle classification algorithms. On the basis of various factors (such as methodology used for these algorithms, vehicle detection rate, number of samples taken for identifying the vehicles and flaws identification in these algorithms) we have concluded that Hybrid Dynamic Bayesian Network Classification (HDBN) algorithm has better detection rate than remaining five algorithms. It has 2% of false rate which is quite lesser than other compared algorithms. It proves that high level features are not always required for gaining the greater accuracy rate. We can use simple features such as rear view of vehicle by identifying license plate and distance between the tail lights for identifying the vehicles more efficiently and effectively than any other vehicle classification algorithm.
